In 42 patients with acute anterior myocardial infarction (AMI), we studied the course of Qwave development and R-wave reduction during the first 48 hours after the onset of chest pain. We used precordial mapping in relation to clinical features, hemodynamic measurements and enzyme release. Q waves developed within 6-14 hours (mean 9 hours) after onset of symptoms. R-wave amplitudes demonstrated nearly a reflected image: They reduced abruptly 5-11 hours (mean 9 hours) after onset of chest pain, coinciding with ST-segment elevation. In 14 patients (group A, 33%) after initial QRS alterations, there were no further changes. Twenty patients (group B, 48%) had a distinct new increase of Q waves (A2;Q = 3.0 ± 2.0 mV/hours) and further R-wave reduction (-AN R = 1.0 ± 0.6 mV/hour) simultaneous with new severe chest pain and a delayed second increase of enzyme release corresponding with extension of infarction. There were no significant differences between the groups in age, hemodynamics and infarct size calculated from creatine kinase release. Eight patients (group C, 19%) had contradictory findings.
PRECORDIAL ST-SEGMENT ELEVATION mapping in patients with acute myocardial infarction was first introduced by Maroko et al. in 1972 and was further established during the next years. [1] [2] [3] Evaluation of therapeutic interventions by this method in patients with acute myocardial infarctions focused until recently on the course of the summation of ST elevation (2ST).'-10 However, the limitations of this method have become apparent.'1 13 Wide variation in the spontaneous course of 1ST between subjects could be demonstrated. ' 3 Also, in spite of a positive correlation between a steep increase of 1ST and extension of myocardial necrosis, ST elevation is mainly an indicator of ischemic injury rather than myocardial necrosis. However, to minimize the latter is the ultimate goal of modern therapy. Loss of R-wave voltage and the development of Q waves are more specific markers of necrosis14-27 and these changes are recorded simultaneously with ST elevations by precordial mapping, so attention turned to the potential value of QRS mapping.26 28 Little information is available concerning the natural course of QRS maps in patients and the interrelations between these registrations and the development and extension of myocardial necrosis. Therefore, 42 patients who had acute anterior myocardial infarction were studied using short-timed serial QRS mapping.
Material and Methods
Forty-two patients (33 male and nine female), ages 26-77 years (mean age 59 years), who were admitted to the coronary care unit within 24 hours (mean 5.6 hours) after onset of acute chest pain that lasted more than 1 hour, were investigated. All had an ECG compatible with the diagnosis of acute anterior myocardial infarction (ST-segment elevation, R-wave reduction or loss and appearance of new Q waves in two or more standard leads) and increase of MB isoenzyme of creatine kinase greater than 20 U/l. Patients with initial signs of pericarditis (pericardial friction rub), complete bundle branch block or deviations of the main QRS vector greater than ± 300 were excluded.
Precordial mapping was performed using a flexible synthetic plate (size 32 X 24 cm) that contained 48 electrodes, as described previously.13' 29 During the first 24 hours after admission precordial mapping was recorded at 2-hour intervals and during the next 24 hours at 3-hour intervals. Evaluation was performed semiautomatically using a computer.29 The TP segment was chosen as baseline and only in the presence of sinus tachycardia with a poorly identified TP segment was the PQ interval used as baseline. Q-wave and R-wave amplitudes and ST-segment elevation 0.06 second after the peak of the S wave of all 48 recorded ECG leads were summed up (1Q, 2R, 2ST). In cases of a complete loss of an R wave, the QS wave was used as a Q wave.
Thirty-six of the patients were monitored during the first 2-3 days by hemodynamic measurements using a Swan-Ganz thermodilution catheter inserted into the arteria pulmonalis,30I 31 allowing measurement of pulmonary artery pressures and cardiac output. Cardiac output was measured via the catheter by thermodilution and the pulmonary arterial end-diastolic pressure (PAEDP) was substituted for left ventricular filling pressure (LVEDP). 32 Serial determination of CPK and CK-MB in order 266 to calculate infarct size as described by Shell and Sobel35, 36 and verified by Bleifeld et al. 37 38 was performed in all patients. During the first 10 hours blood samples were taken hourly; during the next 6 hours every 2 hours, during the next 24 hours every 4 hours and during a further 24 hours every 6 hours. If severe chest pain recurred, hourly sampling was recommended. New extension of infarction was assumed if two adjacent CPK and MB-CK values were greater than 50 U/I and 10 U/l, respectively, when compared with the preceding values. All patients received analgesics, sedatives, lidocaine, digoxin, nitroprusside and heparin as needed. Electrolytes were checked daily and in all cases potassium concentration was within the normal range of 3.9-4.8 mEq/l. Heart rate and arrhythmias were monitored continuously by a monitor system that allowed an automatic recording of all arrhythmias.39' 40 Heart rate and arrhythmias were recorded every 2 hours. For statistical analysis the paired t test was performed.
Results

Initial Changes in Q and R Waves
In 20 patients admitted to the CCU early after onset of symptoms, we saw the initial development of Q waves ( fig. 1 ). After the onset of chest pain the number and amplitude of Q waves increased continuously within the first 6-13 hours (mean 9.15 hours), and then approached an almost horizontal curve. In patients with deep Q waves this horizontal curve was reached later than in those with only small Q waves. (The course was judged as horizontal if a new increase was smaller than 0.2 mV/hour).
In 18 patients who entered the coronary care unit within 4 hours after the onset of chest pain initial STsegment elevation was compared with Q-wave development after 12 hours. Sixty percent (range 26-100%) of precordial vulnerable leads with STsegment elevation > 0.2 mV developed Q waves and, when Q waves were already present, showed further deepening.
During the first 5-11 hours (mean 8.9 hours), Rwave amplitudes fell abruptly ( fig. 2 ). Thereafter, reduction or loss of R waves seemed to be finished and the course of 1R leveled off. It was nearly a reflected image to the development of Q waves. If only the evaluation in "vulnerable" leads was considered (initial ST-segment elevations > 0.2 mV), a similar course of 1Q and 1R was found, al-though Q-wave development in these vulnerable leads was not as distinct as seen in all 48 leads (figs. 3 and 4). 
Further Course of Q and R Waves
After the initial evaluation of Q waves and reduction or complete loss of R waves, the further course of 2Q and 2R, combined with CPK and MB-CK serum curves, allowed us to divide our patients into three groups.
The described enzyme pattern and one of the ECG changes were required for the division into group A or B. Group A These patients had only minimal changes between two registrations of 1Q (&2Q < 12%) and IR (AIR < 23%) (mean value of three consecutive registrations before a new increase of 1Q or decrease of IR was used as 100%), who had a CPK and an MB-CK serum curve with an initial rapid increase and, after reaching a peak between the eighteenth and twenty-fourth hour, a continuous decrease to nearly normal ranges. Group B
These patients had a new increase of 1Q (A2Q > 12%), a simultaneous decrease of 2R (-AIR > 23%) and had a delayed second increase of CPK and MB-CK serum curve 6-12 hours after these ECG changes.
Group C These patients had contradictory findings or died before a complete enzyme curve could be obtained.
Uncomplicated Infarction
In 14 of chest pain FIGURE 6. Representative patient with uncomplicated myocardial infarction. After initial decrease ofSTsegment elevation and R-wave reduction and increase of Q waves, there are no further changes indicating extension of necrosis. This is confirmed by a MB-CK serum curve fitting to an uncomplicated infarct. The same distinct changes were observed by counting the numbers of QS complexes (nQS) in all 48 precordial ECG leads. The initial development of nQS and its further course was the same as described already for the Q waves. Also by means of QS complex counting a new increase of nQS could be detected ( fig. 9 ) at the same time as new increase of 2Q and new abrupt fall of 1R.
Group B patients (table 1) and 2R in group A. In 14 of 20 patients this extension of necrosis happened between the twelfth and twentyfourth hour after onset of chest pain.
Comparison Mapping -Standard ECG In 12 lead-standard ECGs, which were usually performed twice daily, extension of infarction in group B patients could be assumed from new increase of STsegment elevation in 50%, from Q-wave deepening in 58% and from R-wave reduction in 25% of the patients.
The fact that so many patients had signs of infarct nQStyp 48. 25i A onset 12 24 extension stimulated further investigations. Neither infarct size as calculated by CPK serum curve nor hemodynamic data obtained from all but three patients showed a statistically significant difference between groups A and B (table 1) . Also, delay between onset of chest pain and admission to the CCU and beginning of therapy was almost the same in groups A and B ( branch block at the seventeenth hour and though MB-CK serum curve had a second peak, indicating extension of necrosis, this could not be confirmed by changes in 1Q and 1R. Patient 38 had a continuous increase of 1Q and decrease of 2R. This was not seen in any other case. He suffered from severe left-heart failure and repeated attacks of chest pain. The MB-CK curve showed a delayed decrease compatible with a continuous extension of necrosis. This patient died at the third day in cardiogenic shock.
Patient 42 had a 1Q and 1R curve, indicating an uncomplicated myocardial infarction with initial rapid development of small Q waves and reduction of R waves. However, there was no complete loss of R waves throughout the investigation. He revealed an ECG compatible with the diagnosis of a nontransmural infarction. In this case, extension of necrosis, deduced from the clinical features and indicated by CPK and MB-CK serum curve, could not be confirmed by adequate ECG alterations.
Pericarditis
Pericardial friction rub was heard in five patients (patients 3 and 6 in group A and patients 15, 22 and 34 in group B) during the time of investigation. In all patients 1Q decreased (mean 23%, range 31-10%). The most distinct decrease was in patient 15, in whom pericardial effusion was detected by echocardiography. In three cases 1R simultaneously decreased, but patients 3 and 5 had an inexplicable increase.
Discussion
Since precordial ECG leads were introduced, many reports have demonstrated that development of Q waves or loss of R waves in precordial ECG leads indicate myocardial necrosis. The genesis of coronary QS wave in transmural infarction was analyzed by Prinzmetal et al.20 They found that absence of viable muscle within the infarcted region produced pure QS waves in various intramural levels and epicardium, identical with the cavity QS complex. Muller et al.2`found a close correlation between epicardial and precordial changes in electrical potentials. Theoretically, Q-wave development could be reversible.4'-" In such cases Q waves cannot be taken as signs of myocardial necrosis. However, the number of patients with proved myocardial infarction and without new disturbance of conduction, where Q waves may disappear or decrease, is small. We saw it only in five cases with simultaneous signs of pericarditis.
anterior hemiblock or other abnormalities of conduction develop.42' 4 Therefore, we excluded all patients with changes in the direction of main QRS vector during the time of investigation.
If QS waves in transmural infarctions indicate myocardial necrosis, the development of Q waves should indicate the development of necrosis. Because humans cannot be studied histologically in the early phase of infarction our information concerning the probable sequence of events in ischemic myocardium are based on animal experiments. Jennings44 found in dogs up to 19 minutes after occlusion of a coronary artery only reversible injury of myocardial cells. Between the twentieth and thirtieth minute few cells died in the middle of ischemia and up to the twelfth hour all maximally ischemic cells were irreversibly injured. Similar data were reported by Lefer.41 Though one should be cautious in projecting animal experiments to man, our findings on the development of Q waves and reduction or loss of R waves during the first hours after acute myocardial infarction correlate very well with these histologic observations. The first Q waves appeared 1-2 hours after onset of chest pain and the development of Q waves and reduction of R waves were completed within [6] [7] [8] [9] [10] [11] [12] [13] hours. Similar data were reported by Selwyn et al. 4f We demonstrated a decrease of ST-segment elevation"3 during the same period and conclude that reversible injury (indicated by ST-segment elevation) will change into irreversible injury (indicated by Q-wave development and R-wave reduction). Askenazi et al. compared initial STsegment elevation > 0.15 mV in the standard 12-lead ECG (recorded within 8 hours after onset of chest pain) with the development of Q waves and reduction or loss of R waves 1 and 5 days later and found that 70% of these "vulnerable" leads indicated signs of necrosis.47 In our patients 18 entered CCU within 4 hours after onset of symptoms. There were new developments of Q waves or deepening and R-wave reduction in 60%. The first map, which recorded the more vulnerable leads, showed changes to necrosis. The close relationship between ECG changes and histologic signs of irreversible injury of myocardium make Q and R waves useful parameters in determining the effect of interventions protecting ischemic myocardium. In fact, salvage of myocardium has been detected by precordial QRS mapping (and proved histologically) in dogs26 and in man.", '8 The treated group lost fewer R waves and developed smaller Q waves than the untreated group.
The course of Q-wave development and R-wave loss (figs. 1 caused by a reduced conduction of pericardium. The reason for a new increase of ZR in two cases without changes in the main QRS vector is unknown. Further experience is necessary to confirm our findings. In a patient with ECG signs of nontransmural infarction, QRS-and ST-segment mapping were useless and did not detect extension of necrosis as indicated by clinical course and MB-CK serum curve. mechanism of ventricular activity. VIII. The genesis of the coronary QS wave in through-and-through infarction. Am 
